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FIELD OF THE INVENTION 

This invention relates generally to ttje fields ok electrophoresis ; 
photolithography which is applied in a 

innovations in the fields of biochemist* y, polymer science, molccdlar genetics and 
electronics. More specifically, the inve ition relates to a method ■ 
charged molecules or particles in a mec ium by the simultaneous < 
application of a plurality of electrical fields and devices for < 
method, where the supporting substrate 

polymeric substrate and the device alio vs for mojvement along a central i 
and lateral trenches. 
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Tie] 



to esis 



movement 



BACKGROUND OF THE INVENTION 

Electrophoresis is an analytical 
particles, ions, or molecules. It involves 
charged species in a liquid medium, 
macromolecules, such as proteins and 
polyelectrolytes. However, electropfo 
materials including various cells, 
ionic strength, a given polyelectrolyte 
Such particles are surrounded by coun 
(volume and shape) which affect 
different mobilities under an applied e 
from the different charge and frictiona I 
The more charged and streamlined the 
When a mixture containing several 
electrophoretic separation medium an< 
charged components migrate at variou 5 
resolution of the mixture. Bands appesjr, 
components. The exact location (thus 
end of the medium opposite to the 
interaction of the polyelectrolytes with 
of pH, ionic strength, ion type and 
ions, polymeric solution* or gel such 
polymeric solutions can effect 
electrophoresis can be classified into 
and (2) gel electrophoresis. The most 
polyacrylamide (known as PAGE) and 

The combination of free solution 
experiments gives a plethora 
amounts of the components in a mixture 
identified, e.g., by antigen 
presence of the given component is 
has become the cornerstone 



tech nique to separate and 
the imposition of an 
most often studied 



DNA fragments, which are 
can be used to separate 



bacteria and viral materials- At ; t 

1 



acquires a certain number 
er-ions and have various cl larges, 



: separati an 



two 



speci ss 



identify charged 
electric field to move 
are bio- 
usually 
any charged 
fixed pH and 
6f net charges. 



Molecules are 
ectric field. The mobility 
resistance cbaract eristics 
molecules, the faster their 
nolecular species is 
an electric field is applied 
speeds i)i the system 
, depending on the 
1 ime of emergence of the 
of introi faction) depends 
the surrounding medium, 

the medium is a 
a cross-linked gel. Cross- 
by size or sieving. Henc 
basic types including (1 



point 



wh( ther 



1 ai> 



i requently 



free solution 
used gel media are based on 



agarose gels 



and gel 
ion, sue 



electrophoretic separation 
lias the number and] 



relative 

. When ihe components are specifically 
antibody bidding, unequivocal identific ation of the 
affprded. As a consequence, c ectrophoresis 



of macrorr olecular analysis in biotechnology 



p,3 



, sizes 

separAted by their 
variation derives 
of the molecules, 
novement. 
introduced into an 
the different 
leading to the 
mobilillies of the 

cdmponents at the 
mi the 

*ia the influence 
buffered solution of 
lined gels and 
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being 



Traditional ectrophoretic medis are large in dimension, 
of mm. A recent development in the field of clcctrophoretic technology 
performance capillary electrophoresis 



In accordance with this me hodology 



separation media are made of hollow £ bers with 



microns. This separation configuration 



media in the hollow fiber. The Joule he ating can 



an inner diaraetei 



allows a 1 ugh current to pass 



be efficiently removed 



sample arialysis time is greatly 



SUMMARY OF 
The present invention relates to 
molecules within a medium in response 
applied simultaneously and/or sequentially 



1 us: ng 



small size of the capillary. As a result, 

However, such high performance electrophoresis still requires the 
voltage DC power supply (e.g., up to te ns of kv) to accomplish 
addition, gel-filled capillaries are not commercially available and 
make. The parallel idea in slab gel mec ia involves the use of very 
gel formation involves sufficient shrinl age, making the edges 
stressed than the center. Hence, if the $ mie sample is separated 
edge and a center track, it will exhibit < ifferent resolved patterns 
problem in slab gel electrophoresis. Here again, as in capillary 
high voltage power supplies are needed and the resulting resolution 
best available) is not entirely satisfactoiy. 

In both capillary and slab electrophoresis, the ]\old applied is 
passive. Although crossed field and pulsed field electrophoresis 
electrophoresis) methods have been described, OiLnr application is 
cases, the entire separation media, free 

field at a given time. The field may cha ige temporally, but not 
design. Accordingly, the entire sample of charged particles to be 
under the same field at any given time. 

There is also an interest in being able to move small volumes in 
efficient manner without electroendoosinotic mixing. By having a 
whereby particular reactant solutions can be mowd by electrokiuetkc 
can carry out reactions with small volur les and within a small spac 



fixed, thus 
;(2D 

imited. In all 
solution o^: gel, are under ttJe same applied 

spa tfalty by 
s« paratcd are 



a rapid and 
t lystem 

forces, one 



THE INVENTION 
noving charged particles siich 



to a plura|lity o f electrical 

along }he medium 
3 



p. 4 



on the order 
gy is high 
the 

of 25 to 100 
through the 
due to the 
reduced, 
use of a high 
separation. In 
difficult to 
thin slabs. Here, 
of tlpe slab more 
both an 
' Tiis is a major 
electrophoresis, 
(although the 



as charged 
fields which are 
containing the 
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' typts 
'defined 



charged molecules in order to move 
controlled fashion. The movement of tjie 
controlled both spatially and temporal 
moved so as to separate particular 
another and thus provide a highly 
charged molecules can be moved towards 
regions in order to react particular 
sequencing protocol employing lateral 
movement in the lateral branches is 
electrokinetic movement. 

In accordance with one aspect 
particles moving device such as an 
variety of procedures such as phoi 
technologies, or vapor deposition which 
circuitry. In accordance with this device, 
which includes a medium in which the 
molecules are to be moved. The 
continuously subjected to a plurality 
sequential manner. The electrical fields 
so as to move charged molecules in a 
the movement area. Accordingly, 
molecules can be separated away from 
technique. 

As a device for conducting reaction$f(i 
different fields connected to the 
specific types of charged molecules i 
molecules in order to react the molecules 
reaction protocols. The electrical 
preferably in the form of intelligent 
computer system capable of activating 
create precise types of separation 
molecules for reaction. 

A primary object of the present 
capable of moving charged particles 



the charged 



molecules in a 
electrical fields can be 
y. Charged particles in the 
of charged particles awa> 
analytical technique 
each c ther into precisely 
of molecules together in 
to a central trend i 



into 



precise j 



branches 



co llrolled by electrodes to prx>vide 



of the invention, there is provided a charged 
ele< :trophoresis device produce d by any of a 
tolithpgraphy, silk-screening, laser, 

results i i a patterning of electrical 
> there is provided a "mov ; 
charged particles, such as eh 
mover lent area is positioned so tnat it can be 
ofl electrical 
effecting 

controlled manner through tljie medium in 



xnent area" 
barged 



fields in a simultaneous or 

the movement arsa arc activated 



P. 5 



and 
accurately 
nedium can be 
from one 
Fdrther, specific 
defined 
synthesis or 
> where 
for 



I 



mixti ires of different types of ch irged 

each other in order to provi dc an analytical 



e.g., sequencing synthesis 



movement area can be applied so 
contact jvith other types 
and carry out any numbe m 
connections contacting the 
integrated circuitry which is i 
(he fields m any given 
of molecules fo r analysis or 



manner 



inversion is to provide a device ^vhich is 
through a medium in a precise controlled 



methods), the 
is to move 
0|F charged 
of different 
movement area are 
interactive with a 
so as to 
combinations of 
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imcve 



the 



fashion in response to a plurality of different 
preferably generating forces which 

A feature of the present invention is 
are applied to a medium in order to 
precise manner. 

Yet another advantage of the presen 
can be efficiently and economically pr< >duced 

Yet another advantage of the preseni 
elimination of electroendosmosis by 
as polymethylmethacrylate 

Another feature of the devices of th* 
areas which have a cross-sectional shap 
regions which regions allow for the efficient 
which can be used in connection with 

Yet another feature of the invention 
areas in which it is possible to move 
charged particles in order to carry out 

Yet another advantage of the preseni 
substrate materials or components whiih 
separated or combined which materials 
sample materials being separated and/cr 

These and other objects, advantages 
become apparent to those persons 
structure of the devices and methods 
reference being made to the 



the i 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG, 1 is apian front schematic view 
invention. 

FIG. 2 is a plan schematic view of a 
providing a central trench and lateral bi}anches 
independently controlling the electrical 



electrical fields, which fields are 
in time and space simultaneously, 
that a plurality of different 
molecules within the medium 



electrical fields 
in a 



invention is that devices o 



invention is the minimization 
utilizatibn of polymeric 



or 

substrates, such 



! us? 



f spectrometer 



present invention is the 
e which includes flattened 
accurate use o 
invention, 
is the inclusion of branches 

er and separate from 
(Jomplex reaction and/or 
invention is the use of ineijt 
might contact charged particles 



of movement 
or slab-like 

devices 



minimize protein absorptk n 
combined, 
and features of the present 



nvention will 
skilled in the ajrt upon reading tl e details of the 

forth below, 
accompanying drawings forming a part hereof. 



of a particular embodiment of the 



second embodiment of the nvention, 
with individual clec trades 



fields in the trench and branches. 



p. 6 



the invention 



each 



sep urate 



movement 
other 
schemes, 
polymeric 
to be 
and loss of 
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includes any number of such steps whi<fh will be |equivalent to the 
herein and so forth. 

Referring now to the drawings, in Fib. 1, a specific embodiment of an 



analytical device useful in carrying out 
schematically. The device is on a Card 



DETAILED DESCRIP1 ION OF THE INVENTION 
Before the present device and method for moving charged particles within a 
medium are described, it is to be understood that this invention is not limited to 
the particular component parts of the d ;vices described or process steps of the 
methods described as such devices and methods may, of course, vary. It is also to 
be understood that the terminology use i herein is for purposes of describing 
particular embodiments only, and is no t intended to be limiting sir ce the scope of 
the present invention will be limited or ly by the appended claims. 

It must be noted that as used in this s peciftcati >n and the appended claims, the 
singular forms "a", "an" and "the" inckde plural referents unless the context 
clearly dictates otherwise. Thus, for ex;tonpte, reference to "a medi iim" includes 
one or more different media mixed together or separated from each other as well 
as different types of media known to those skilled in the art, refere ice to "an 
electrical field" includes a plurality of c ifferent electrical fields (oi the type 
described) which may be applied in a number of aifferent ways in ;>rder to obtain 
the effects of the type described herein, and reference to "the proc< ss step" 



steps described 



methods of the present invention is shown 



I which njay be comprised 



different types of materials such as vari :>us polymeric materials generally referred 
to as plastics. Further, the Card 1 may t e in a variety of different si ices. For 
convenience, the card could be produce! in the siLe of a conventional credit card. 

The Card 1 includes a hollowed-out Jirea or Trench 2 which, again, may be of 
any size but for convenience might preierably be [produced on the c redit card size 

has a depth of 
5-25 microns. The cross-sectional shape 



Card 1 so that the Trench 2 is about 1-1 [) centimeters in length and 
about 5-200, usually 5-150, particularly 



(not shown) of the Trench 2 may vary a id be rectangular, oval, circular or 
otherwise. It is preferably a flattened oval with the flat surface providing desired 



optical properties. 

The Trench 2 is filled with a medium 



polympric solution, surfactant micellular dispersion or gel of the ty >e generally 



3 which may be a buffer sc lution. 



of a number of 
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5 at regular intervals 
microns apart. Some preferred embodiments of the device include 



000 electrical fields 



fields, 50-100 electrical fields, and 50C to over 1 
electrodes creating these fields may be placed apart from one another 
0.01 to 10 centimeters, but are more preferably placed at a range 
microns apart from each other 

i 



The electrodes 4-10 are either simultaneously biased by the app 
different voltages to each of the electrodes 4-10 or sequentially biased 
application of different voltages which 

the spacing of the electrodes 4-10 is sir all, it is possible to attain 
field strength between the electrodes even while Applying relatively 

This is a substantial advantage of the present invention over 
which utilize only one electrical field o /er the enlire medium (h, 
dimension) and thus require the application of substantially large v|oltages 

The electrodes 4-10 are biased c r fired simultaneously or 
the magnitude of the field applied across any given electrode or all 
electrodes is adjustable over any given 
ability to activate the electrodes in any 
across any given electrode gives rise to 



a greatly improved ability to 
molecules moving within the medium £ cm each other in an extren ely 



used in connection with analytical sep iration techniques. For 
polyacrylamide gel used in PAGE analytical procedures is extrar 
connection with the present invention, A variety of materials may 
or in combination with other materials which materials should 
resistance to the charged particles and not substentially interfere 
electrical fields. 

The Card 1 has plated thereon a pirn ality of e 
4-10. Only 7 electrodes are shown on the Card 1 
However, photoelectroplating technol< gy could 
different electrodes along the length oi 
2. The electrodes can be spaced apart from each 
connection with this embodiment of ths invention, there arc 
electrodes and they are preferably plac 



example, 

ely useful in 
be used alone 
provide frictional 
\yith the 



ectroplated fingei 
for purposes of s impl 
be utilized to 
even a relatively small (1 
other at any gi vei t 



pro 1 rid 



prcfci ably 



approximately 



ication of 
by the 

are biased in a programmed manner. Since 

relatively high 
low voltages, 
prior art methods 
aving a large 



in 



: ange at any given instant i 
jjiven fashion and apply dif 



p,8 



-like electrodes 
icity. 
e hundreds of 
0 cm) Trench 
interval in 
400 to 800 
1-100 
5-25 electrical 
The 

at a distance 
cif about 1-100 



sequentially and 
of the 
time. The 
brent voltages 
separate 
precise 
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p. 9 



snd 



charge 



the refore i 



fashion, thus obtaining analytical resolution 
degree far beyond that of conventional 

The Card 1 as well as the Trench 2 
readily and economically produced by 
techniques. Accordingly, multiple copies 
reproduced with a high degree of accmacy 
production are important features of th 3 
is preferably a rigid polymeric materia 
plastics, addition or condensation 
polycarbonate, polyethylene terepthalajte 
card itself does not have a surface c] 
surface charge in the Trench 2, and 
alleviated. Electroendosrnosis is a 
performance capillary electrophoresis 
which generally must be coated with a 
electroendosrnosis. The polymer mateijial 
Accordingly, the charged particles sue! i 
sample during separation is minimal 

The solid synthetic organic polymer^ 
a variety of forms, one form being the 
with trenches or channels, tubes, rods, 
polymers readily lend themselves to 
of being molded with the appropriate 
the preformed substrate or the products 
for capillary electrophoresis. Of particular 
good clarity. 

It is important to note that the gel 
to contain cross-linked gels tethered to 
formed during polymeritation and cro^s 
the wall because only a small fraction 
electrical field at any given time. Since 
Trench 2 is subjected to the field at a 
gel 3 out of the Trench 2 in any fashtoi i 



of different types 
techniques. 

electrode connections 4 
standard microelectronic 
of nearly identical cards 
The fidelity arid 
3 inventiojn. Since the 
L particularly synthetic 
ers, such as polymcthylm 
, polystwene or styrene a 
Accordingly, there is 
thej problem 



substantial problem in connection 



i gls ss 



of molecules to a 



econc my 
substrate 
organic 



1 echniques which utilize 

! 

polymer m order to suppress 

can bejmade substantial 

i 

as proteins are not absorb 



1 0 can be 
fabrication 
can be readily 
of 

of the card 
polymers or 
thacrylate, 
>polymers, the 
(or negligible) 
is 

with high 
capillaries 
the 



no 



of electroendosrnosis j 



y non-porous. 
2d and loss of 



which fipd use can be rcai lily formed into 
ard, but Other forms may i iclude slabs 
sheets, capillaries, or the lil :e. These 
fabrication and modification, being capable 
tfenches ot having the trenches formed in 
may be extruded;, for example, capillaries 
interest are the acrylate 5, which have 



'relieves 



net 



fillled channel 2 on the Card 1 

i 

the wall, phis greatly 

linking.- The gels need 
of the gel 3 in the Trench 2 

only a small portion of the) gel 
given mordent the field docs 



does not have 

the stress 
be tethered to 
is under applied 

3 in the 
not extrude the 
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The Card t having the Trench 
be produced by a variety of different techniques 
general, one method for producing sue i 
photolithography as employed with tiu 
chips. First, a substrate support such as 
approximately the size of a conventional 
card itself is not electrically conducting ; 
deposited a thin layer of an electrically cond 
applied by a variety of different techniques 
may be comprised of a variety of different 
capable of conducting electricity. The 
order of 1 00 angstroms to a few microi is 
layer is then coated with a layer of material 
conducting. Once the light-sensitive, 
electrically conducting layer, a mask is 
non-conducting layer. After the mask 
resulting in a pattern of portions of the 
and portions being solvent insoluble 
exposed electrically conducting matcriil 
connectors to the wires under the insoluble 
The underlying electrically conducting material 
electrode connections to the Trench 2 
material from the ends or connectors 
from the electrically conducting layer, 
electrode connectors to the Trench 2. Ir 
from wear and abrasion by the protective 

As will be apparent to those skilled 
production procedure can be produced 
electrode connections to the Trench 2. 
photolithographic technique generally 
techniques such as employing various 
technologies such as silk-screening and 
provide extremely small (in size) and 



Thei 



! cari 



and electrode connections 

known to those 
a device^ is as follows em] 
production of microelectronic 
a polymethylmethacrylate 
credit card is provided 
nor is the card. On the 
ucting material. The 
kruwn to those skilled 
types of materials prov: 
aycr is preferably extremely 
of thickness. The 
which is both light-: 
n^n-conducting layer compl 

applied to the surface of thfe 
do vers the layer, it is exposed 
light-sensitive material 

soluble portions are washed 
etched away leaving 
portion of the light 
will provide the 
removing a portion of trie 



4-10 thereon can 
slfcillcd in the art. In 
ploying 

computer 
card 

surface of the 
is first 
cjoating may be 
in the art and 
ded they are 
thin on the 



electric ally conducting 



Tic; 



; traces 



of the electrically conducting 



trac ?s 



electrical connection can 
addition [the electrode 

i 

coatingl 

in thejart, the mask util 
as to prpvide hundreds o 
Further, ralther than utilizing 
cjescribed above, it is possib 
of laser technologies 
vapor deposition which 
numbers of electrodes 



$o 



large i 



p. 10 



sensitive and non- 
tely covers the 
light-sensitive, 
to light 

; solvent soluble 
away and the 
of wires and 
sensitive material, 
plurality of 
insoluble 
traces remaining 
be| made with the 
are protected 



zed in the above 
different 
the 

e to utilize other 
afad/or other 

it possible to 
the Trench 2. 



make 



to 1 
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ynthesi 



; encs 



i ; 



The greater the number of electrodes, 
to each electrode and the more acci 
charged particles within the trench. 

Once the card having the electrodes 
filled with a medium 3 which is 
material or a buffered solution with or 
combination with a surfactant In orde- 
movement of charged particles for s; 
supplied, at reservoirs at the termini 
can be provided for connecting the 
reservoirs for allowing for the flow of 
the gel has been added, a sample 
medium and time-dependent and/or 
applied to the electrodes. Although it i 
electrodes in a variety of different 
voltage so that electrical fields are 
single direction so as to provide a 
direction along the trench. This wave 
speeds depending upon the particular 
wave or waves move, charged particles 
the Trench 2. Charged particles which 
drawn through the medium by 
of the trench. However, particles which 
can only be moved by waves which 

Although the above-described 
method of carrying out the separation 
separation and resolution capabilities 
example, all of the electrodes positioned 
simultaneously but have different vo 
position of any given electrode. The vo 
also be changed continuously over tim< 
affects on the charged particles within 



he less voltage which need 5 
uraljely it is possible to control 



thereon is produced, the Tijench 
preferpbly in the form of a polyadrylamide 



without a] synthetic polymer; 



lis or ^equencing, a 
of the trenches and lateral 



liquid during operation of the 
of material is ttien placed at one 
variable position- 
to supply the voliage 
most preferable 



; to be supplied 
he motion of the 



to carry out the electroph 



buffer 



branches < 



of the tijenches and latera 



-dependent v altagei 



possible 
mariners, it is 

i 

sequentially activated one aftcij another 

traveling electrical wave which 

i 

<: r waves can be made to mo ve 



types 



being separated 



of molecules 
will be djrawn through the 
:cnd to move more quickly 
moving [waves which move quicklj 

tend to iyove slowly through 



ckn 



move generally slowly throug 1 
traveling electrical waves 
r. rocessingjof the invention 

be obtained in another 

i 

along the Trench 2 may 

;es depending on the elecirbde 

I 

tages supplied to any given 

i 

so as to create different 

i 

medium and move the 



arc 



'bcl 



thei 



10 



P- ll 



2 may be 
gel 



; alone or in 
cfresis or 
will be 

or means 
branches to 

device. After 
snd of the 
s are 
to the 
supply the 
in a 

moves in a single 
at a variety of 
As the 
medium within 
will, of course, be 
along the length 
the medium 3 
the medium 3. 
the preferred 
similar 
manner. For 
biased 

spacing and 
electrode may 
wave-like force 
particles through 
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factors such as the size, shape and charge of 



tus 



th 



the medium at different rates based on 
the particles being moved through the [medium 

The embodiment described abofve can be 
fashions. For example, it is possible fo 
either side of the Trench 2. If the deviqe 
particles will be moved through the 
electrodes are activated. 

In order to avoid the zig-zag movement 
medium 3, a variety of other embodiments 
be produced wherein one card is substa utiaiJy 
two cards are placed in facing abutmerjt 
enclosed column. In accordance with 
end at the edge of the Trench 2, but ral 
and the bottom. Thus, electrical potential 
at a plurality of different spaced intervals 
activating the electrodes, an electrical 
the column to the other. This creates 
through the medium within the column 
the medium by moving waves which njove 
molecules will be moved through the 
By providing a plurality of different 
precisely resolve different bands or 

Alternatively, the electrodes on the 
accordance with a predetermined scheifae 
profile across the entire length of the column 
on the charged particles within the cohimn 
obtain precise resolution of different 
sample being resolved. 

Regardless of the embodiment of the 
preferable for the electrodes to be connected 
computer has programmed software dedicated 
voltage profile along the Trench 2. Various 



modified in a variety of different 
the electrodes to have opposing ends on 
is constructed in this fashion, charged 
medium 3 inj a zig-zag fashion as the different 



an 



of the charged particles) through the 
are possible. For exam >le, two cards can 
the mirror image of the other. The 
to each other so that the Trench 2 forms an 

embodiment, the electrode lines do not 
er continue across the tren ch on both the top 

i 

will permeate around the column formed 

i 

along the column. By sequentially 
1 ield wave is caused to move from one end of 
effect which draws charged particles 
. Again, faster molecules aj e driven through 
quickly along the colu nn and slower 
ium by waves which mc ve more slowly, 
s of moving waves, it is possible to 
grdups of charged particles within the medium 
c evice may he fired simultaneously in 
which will create a complex voltage 

The voltage profile vill create forces 

and can be changed ov a: time in order to 

*. 

or groups of charged [particles within a 



medi 

speed; 



p. 12 



species < 



invention which is constructed, it is 
to ah electronic computer which 
to| providing the moving waves or 
different types of software can be 
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em >odiment 



ultraviolet or 
at various 



medium , 



the 



Thereafter, 



provided so as to obtain the best possible 
various types of charged particles from 

In yet a more sophisticated 
software which is connected to the 
optical detection device such as an 
spectrometer can be focused singly or 
Trench 2. As the ultraviolet spectronrv 
moved to different portions of the 
computer which can adjust the speed 
being generated in order to more precisely 
particles being moved through the 

It will apparent to those skilled in 
More specifically, the Trench 2 can be 
branches thereon. Each of the branches; 
can be filled with a buffer solution, 
be supplied with a particular charged 
materials can then be moved into contact 
electrical wave generated by the computer, 
programs can be set up in order to pro\ide 
a variety of different types of molecules 
reacted to form DNA and different 
These reactions can be carried out at 
conventional mechanical technologies 
vastly improved due to the precision 

In addition to carrying out synthesis 
possible to carry out DNA or protein 
these procedures, individual amino 
DNA molecules can be successively 
amino acid or nucleotide is cleaved, it 
device and identified such as by utilizing 
sequencing methodology obviates the 



spe strometer. 



the computer 
with an 
. The 
medium 3 in the 
eter reads different types of ^articles being 

be sent to the 
distribution profiles 
of the charged 



: amino 



acids 



resolution with respect tjo separating 
one another. 

of the invention, 
elefctrodes can be made interacjtlv© 
fluorescence 
points along the 



P 

; with 



; chargisd 



by utili zing 
.sophisticated 



mec ium 3, the information can 
c f the waves or voltage 

fine-tjune the resolution 

i 

3 " i 

art that the Trench 2 can 

fashioned so that it has a 

I 

of the Trjench 2, along wi 

, the base of each 

l 

rfeactant material. The 

t 

with one another 
Accordingly, 
for s>jnthesis or sequen 
. For example, different 
acids can be reacted to 
increased speeds as 
In addition to increased 

which pie reactants can 
reactions in a manner 
s^quencingj procedures. cc 
on proteins or individual 
cleaved from one end of the 
can be moved to a given 

a spectrometer. The use 
r eed for valves, reagents, 



greatly i 



with 
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$e in any shape, 
urality of 
the trench itself 
of the branches can 
rcactant 
the moving 
computer 
sing protocols of 
nucleotides can be 
] brm proteins, 
compared with 
, the yield is 
>e moved. 

above, it is 
nnection with 
nucleotides on 
molecule. As the 
loqation within the 

of such a 
bottles, washing, 



speeds, 



described 
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filtration and many of the tedious operations which arc mechanical in nature and 
necessary in connection with conventi )nal sequencing methodolo gies 



In addition to the separation, synthe sis and sequencing methods; 
the present invention is useful for a va iety of additional purposes 



is possible to utilize specific embodiments of the invention in 
impurities from large mixtures of com >ounds aiJd thus carry out a 
processing which is substantially more 



refined than vacuum fractibnization 
processing. A mixture of components <wn be separated into a variety 



and moved along parallel tracks. Upon resolving the mixtures, the 
components can be guided by the electrical wave fields in lateral 
given precise moment in time and cam ed to react with a given nei 
Alternatively, selected components may be guided to trenches filli?d 

particles being moved in the 



I 



described above, 
For example, it 
ordir to separate 
purification 



fluorescent 



any 



with 



charge 



antibodies reactive with given charged 
moved into contact with complementary components, dyes, 
radiotags, enzyme-specific tags or other types ofj chemicals for 
purposes such as various transformations which axe either physica I 
nature. Further, bacterial or mammalia l cells, or! viruses may be 
complicated trench networks which nei works are m connection 
electrodes capable of generating fields 

move the cells or viruses through the fields based on the size, 
particular material being moved. Separated cells or viruses may b< 
modified subsequently. j 

The embodiment in FIG. 2 provides jfor mixing and separation 
that reactions may be carried out between different reactants, 
and components combined with other liaterials, assays carried out 
component of a sampte with one or mofe assay reagents, and the li 
Card 20 has a network which includes j central hollo wed-out area 
lateral hollowed areas or trenches serving as branches, with an 
middle branch 26 and a lower branch lk. The branches 24, 26 and 
interconnect with the central trench 22, forming inaction sites 30, : 
respectively. The central trench 22 has entry port : 36 and exit port 
introduction and removal of samples, rr ixtures, reactants and the 
branches have similar ports, the upper b ranch 24,|having entry and 



mixtures 



like, 



upper 



38 



13 I 



of pure groups 
desired 
directions at a 
ghboring rcactant. 
with antigen* 
medium or 

tags, 
number of 
or chemical in 
sorted by 

a plurality of 
in order to 
or shape of the 
analyzed or 



qf molecules, so 
separated 
by mixing a 
In FIG, 2, 
or trench 22 with 

branch 24, a 
28 cross and 
and 34, 
for 

Each of the 
exit ports, 40 



like, 
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I 



I 
i 

arid 42 5 respectively, the middle branc i entry anjd exit ports 44 an i 46, 
respectively, and the lower branch, 48 and 50, respectively. The p orts 36 and 38 
communicate with reservoirs 37 and 3 P, respectively. Similarly, r sservoirs could be 
provided proximal to the ends of the branches, if desired. The res avoirs have 

sufficient capacity for performing the iecessary|operations and pioviding the 

i 

necessary ions for movement of the cc mponents of interest during the operation. 
Alternatively, the reservoirs may be c< innected tp pumps for pum] ring liquid into the 
reservoirs to maintain the reservoirs at 



a substantially constant composition. 

The Card 20 has plated thereon a pllirality of {electroplated finger-like electrodes 

i 

60-64. The electrodes are biased in accordance with the needs of 1 he purpose for 

i 

which the Card 20 is being used. Thusl the electrodes 60 and 60' can be biased to 

i 

move a sample from entry port 36 to reaction site 30. Once the sa hple is at or 
adjacent the reaction site 30, a reactan may be introduced into en xy port 40 and by 
biasing electrodes 63 and 63.', the reaciant moved to the reaction site 30 to permit 

mixing and reaction at reaction site 3ol By allowing the sample and rcactant to 

| i 

incubate for sufficient time for reactiop to occur^ either under an a ppropriate 
electrical field or no field, one may then bias electrodes 60 and 60 ' to move the 
reacted sample down the central trend i 22, The process of movement and reaction 
may be permitted at each reaction site, where depending upon the system, 
separation of the reaction mixture ma) result between reaction sites or all of the 
reaction mixture may be simultaneous! y moved to the next reactiqn site. If desired, 
components may be removed from the reaction mixture, where th; reaction mixture 
has undergone separation between reaction sites! When a component reaches a 
reaction site, the electrodes controlling the branch may be activated to provide a 
bias which will move the component into the respective branch an d out of the 
central trench 22, Finally, the reaction jmixture may be moved to terminal site 66. 
Where a detectable label has been provided, as in an assay sequence, one may 
determine the signal from the label. Alternatively, one may withdraw the 
components of the reaction mixture thijough an appropriate port, not shown. 

In addition to the electrodes controlling the central trench 22 and branches 24, 26 
and 28, electrodes 63 and 63* are provided which provide for an electrical bias 
along the central trench, which electrodes may bp used as described above or 
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various 



for moving sample and reactants in 
individual electrodes, with different pdirs 
appropriately biasing electrodes 6 V aw 
channel to the position where el ec trod 
plurality of electrodes along the centrall 
control of movement of the components 
may be attained. 

While the present invention has beejt 
embodiments, it should be understood 
changes may be made and equivalents 
the true spirit and scope of the inventic n 
made to adapt the methods and device;; 
situations, materials, compositions 
objective, spirit and scope of the present 
intended to be within the scope of the 



directions by appropriately b 
of electrodes being usee 
63 one may bring a 
63 is placed. One may 
trench 22, as described 



l reactant 



pre vide 



present 



described with reference \ o specific 
by those skilled in the art tiat obvious 



p. 16 



lasing 
. For example, by 
into the central 
ide for a 
, so that fine 
in the central trerlch and branches 



above, 



may be substituted without 



departing from 



In addition, many modifications may be 



of natter, 



particular 



of the present invention to ] 

, processes, process step or steps, to the 
invention. All such modifications are 
dlaims appended hereto. 
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